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cunditidon in the air masa, wherein the potentdad sheer y Gwe 
vo tue initial distrivation of temperature and moisture Sas 
v@en converted inte the kinetic eneryy of the rising eco.lawm, 
The unstable conditions requlred may be developed ty 
necting of the surfece layers of the adr, or by Lidtimg oie 
entire mesé over an oreyraphie otsiruction or fréuval surf 
ees; provi Sing the Adu mmas is initially eonditionaily une- 
vatle. reacties oo contribute to tue cevelvupwent of 
UnBLaALLE condt te, wut whieh, in tue light of prépent day 
KNowledge cannot he ‘@onsidered a6 primary causes of ina vau- 
iiity, ere conver, ¢ent tieids of motion and redtiatien from 








nigh level ¢lo.é systems. 

To Getermine if condi: 
Mi4 
formation of a tnum@@erstorn 


ve Pictted on a metvorvlo_ic 


exist whieh may lead vo the 
aero, raph sounding éfe.id 
cimrt, preferabay an adiabal- 
ic er sisilar chart, Ssisce — apnic representation o1 
thunderstorm eo ¢itions —— ily reco nizavie cere. 
Afver whe eounding nae oan ath Livting condensation 
level should be determined. To exp tate an air wot 
waturated, whick is lifved will ferred we + a ™ 
peseing through the surface point te bes eetureticn yeint, 


the intersection ef ‘that particular dciubatic with ule gau- 
_"2 ~avred 
wuratea specifi 


















ty lige eevrenpanktng Lo we Speeiiic 

Mumidity of the surface particle. This seint, the LCL, hav- 
“3 pert RS We 

ing been reached the particle will fellow the moist aciap- 
atic as it ascents furv.er! However, 48 lom as tLe rising 
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partielle ie eoeler thahk tre surroundit é air @UL ine Qume Level 

energy must be eapplied to furtuer iw £0406). (hem lad ae- 
.~ Vv The 

cent curve crosses te sounding curve and ihe parvieLe le- 


ae ee 


gumes warmer, and | henee tess domae, van ius varroundiings Ho 


PL.beie 


Turvher mechanical force is peceseary te mesmeain se asgee Ly 


fone cemrog*ie* vit enree, 40. tag ae the partiese is oar 
yelnbtnacatboap ene gL 
heath tate re SSE Meri etude 
WARIS DEY crLeteE ont rte Sti ned aa vielen 
SUA SHUP WT LervEr peat RS Tits Dee ee ee it 
st euch point where the rising particle is cooler than she 
curoepiine. ray BE 2. Ihe, Ses) cf Pee, pene fee 
Whew dee surpenmetns oy bo <hr) epee 40 oe 
ae PIG OP PAG lA SEY Pe 
aA WP AasneMnY: 3a capital. 6+, recheck Anver- 
section of We saturation apecitie Hunidl ty 
Peay She AS eerpp aes carte, Free use pote te 
Maret to alee Seen Are pp tea yeertune, dere 
obey S432 Gir tag vventres qeuperguure, for renee ur 4ifv- 
Maeeae the entouna rien, '15%4:. Pee eerer pine sti pemine 
oe? MRRP TAA AE, Metra ete SO tise te cee ee 


COED POET Oe Ube symm ars” un PR edie 
\Aldve: areab represent aces lermtione, net veectteey na re 
(tiprefore if a particle hes been accelery teu upw Garin a 
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pertion ef ite ascent, ss shown OF a powitive area Ga Uie 


| 5 oe al . coeowpeedl 
chart, and tven enters & registent etratul ives apward vel- 


ecity will be de@elleraved, not Aécessarilp halved. Hteever, 
it may be sssumed that the upward pregrebe of tus pabcicle 
will be ebtpls tel) halted whan the resistant surdlu, bh” 
rapresented ty the negative area dh the car, ig Approk-" 
LWAGALY aquni Ge Uhe aehdtevitihy Granta, ka Pephbebalil” ey 
tie Soettive arek, hic). has given the parviele ite ind lie. 
teaelue; chlS point, vhere ths wegutive ares hua Poached 
equaling’ with the” oditivas brill’ bark” the Upplimest aie 
OP" bbabeecion. th claw! Bee Peed Soe 504 erpbbee Ob bd: 
TA arrivthy bt a @eclelon aa te the relavive effect OF 
tnsae posicive abd Seg ative: areks, iL aheude be" remembered 
wivy Between the Piety particle Lad the burbothding Girl ~ 
Henaity te a PUAStLvE Of both pResstire aba Veaperauure bimes 
yrds - Prom hk eonsigeratiln Of this familiar equation 
it ie appirént that, ror A iver attrlrekee in Lemperalurs, 
eat eae eS Te ae 
Witen auat! be! elukl. Tus Li ae of a! liven bike’ daw ea 5 5} 
tilde’ where the presaire te Sob HAlLibard Loticstes ually 
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AWAD Le ae tettoation of a more vielent Ununcersterm than 
if it appecred wt 2000 or 4000 matera. Thie fact #1il be- 
Cone n0."¢ aAppareht after a examioetion of the tnunader- 
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Siom™S examples whick follow. a | 
Gace l.e air particl:s have reached we comgnsation 
ievel, either que ve lifting or survace Cling, Ca@ate wiis 
be Zermed. \iicgugh met definitely estabiishec, it is ve- 
lieved that the water druplevs in the cloug wili not form — 
rajedrese wets comes wien hee nearing Ane Ace SryAael save, 
tae paint ubere me rising particle cnesees Ue zere ige- 
there, Thane, ine eryptala MAKin Plt, OC faliite Lineage 
the waver drenlew serve as mucisi fer we formation ef rainy 
Copa ik Py, de, 2agted st precipitation will set cegin 
usb ie fe of tke cloud has reached tne ice cryasal sevels 
pr Amo MRA Ancuap iin 44 HA We POV al orediont ages... 
OMarT_ 65 Joe Gavekacaens of Mumiocetarae Ae 20 tahgnes 
uy Une eplitting ¢f reindroys as a result of viclent secend-_ 
| ee reme 2) via ie, 01904, zhe minim walue ef Tne mp- 
MRE LO bE me veep per wecedd, | 
ss Imeluded pere is a geries ef hypotietical sivueliems 
= SEPA ATR AG, (UATE ORS TaRsesa ey “ 





















Ung representative areas.cn au s¢iabatic chart, cum Lees 
Limekeg in clear cut eases. 
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Type # 1. This situation would result, in the Pormbeiig 
of cumulus clouds without precipitation since pne positive-a. 
area is approximately equal to the negative and the 1Ch ds 
above the point where eccnvection ceases. * 

. Type # 2. This situation would result in the tormativa 
of cumulus with showers since the convections extend above 
the ICL. However, & thunderstorm would not be expected since 
the vertical velocity attained by the rising air would mot 
be sufficently strong, as shown by the fact that We area of 
Qvailable energy is small, 4.) wher (rey e 
Tape @ 3 This situation would result in the formation 
Of 5 Wieiters ore etnee be cenreetdogs extent ORR Mie ,3e) 
and tue vertical veloeity sttained by tue rising air woud 
be eulricently strong to disrupt tne raindrops and establish 
the potential gradient required for sn «lectrical Gistply. a 
However, hail would not be expected since the area of pos- 
itive ares above the ICL is small. 

Type $§ 4. This situation would result in the formation 
of a light thunderstorm, accompanied by hail, since tie tune 
vections extend well above the ICl, and whe vertical velecity, 
while reaching appreciable vnlue at the ICL, will continue to 
be accelerated for a considerable distance above that point. 
This is indicateé by the large positive area. This sivuation 
ig common in winter months in southward moving polar meritine 
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Type 4 & This situation would resuit' in the formation 
of a vicleut thunderstorm accompanied by hail, since the verv- 
ical velocities attained prior to reaching the ICL would be 
exceedingly large as indicated by the large positive area 
below that point. Above the ICL there is further increasing 
positive area whicli would increase the accelerations fur 
above that point. 

From the above hypothetical situaticns is wouid seem 
that the size ef the positive area below the ICL deistelibes | 
whether a shower or a thunderstorm will develo; from a 
siven situation and is a measure of the intensity of the 
thunderstorm. Similarly the size of the positive arta above 


the ICL is a measure of the prebability of hail. 
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Since tue entire yuestion of LMundertterms is one or 
stubility or instability 4 brief @fiseussisa° of ine effects” 
ef lifting, subsidines, convergence, amd civergence upén tie 
stability of air masses, Since any one of thésé factoré may” 
be the deciding one in a Larticuiar situetion, is imeladed. 

 &e Mubsidence inerenass the @tability of w stable Layer 

ani increases the instalility of one alreuéy Unstable. Since 
vhunderstorms require Lifting of particles er strava of «ir, 
ys gome means, fer their fermation, tie effects ef subsid- 
~mce need net be comsidered furvier. © © 

. BW» Lifting decreases the suability ef & stsbie utyer “~ 
and detrenses the instability of an unstsble one, Lefere sat- 
Urétion, but dncreises inmtadility after saturation. 9” 
los @. Convergence decreases the stubi lity of a stile Lay- 
er ac@ decreases the instability of an Wistuule layer. 

. ds Divergence increases the et bility of A stable Layer 
ané decreesis the instability of am unstable layer. 

Invall the above cases neutral stavility is the Limit 
of the effeet of the preeens; i.es, none of ine precetsen — 
CAA convert a stable layer inte an uactéble offe or vite ver- 
s@, unlees saturetion occurs during the process end in it- 
self Causes the change frow Stability to instability. 

in this conne@vier ule isslloburic field is a potent 
Talewe,; an isalleberie lew will preducé convérgent flew with 
a resultant deeressé in the stability of tle air. This may’ 
be eufficent to change w etible maes to on® conditiomally — 
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unstable with resultaht thunderstolt Acvlivity. Thus, Las er- 
Lien of ah a@regraph souncing without reference to vhe ayn- 
eptie chart mi ht indicate No prebability ef thunder torms. 
iowever, the chance in etruetur® of the air mac& preaucet by 
a strom conver @nt fiel@ Of motion, in@icated by whe’ prei- 
eice of strong fe ative tendincies on the Weather map, omy 
be oufficent to preduce conditional instability. as far 4a 
“48 Known there is at present ho meats of waking & duanttat- 
‘ive G@eterninetion of the effect of Convergence upon etad- 
“diity; therefore estimation of ite effect Butt be based pox 
‘experience, An exhaple of this particular cituatiofi is given 
“tn eeetien one. el owe fae Toe areas A ~) bR 
‘Conversely af istllebarfle High} producing a civergint 
“flow, Hay subi lize a conditionally an*table mist ana frev- 
ent Uhe formation of vnund!raterma Eltholys an isepeetion 
ef the aerolreph sounding may Have indleatéd their peepat- 
“titey. wom «60 be) come coeee Cewele gumld eahil = eek be 
©) were also it fe'e1l te note ubet Giverént Tite) ‘Al- 
‘Enowlh comment? associated Vith suBhidelite, (8 always press 
Got is dir overranning “a warm frome, exeépe near @ well —~ 
‘developed Low preséure canter, out Mido may bé prsetlt in 
(ai Being Lifted oroyraphicaliy. im caee or ‘comtitioialy 
“Gnsvable Air Which “is antuPtec by Ue lifting process, 
fropted or eregrapiical, tuds divergent flow adds vo whe 
iwetabiilty predueeds Thue air flowing frem a wert 2ector, 
in whic there ara Begative tendencies, overruling & ware 
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froct de subjected suecessdveldy te coaverge ce, .itcimy and 


finadly divergemee, cteh preeess tending: to proéuce Laeteb-., 


iim. . . & ~ae £208 
Aucther faetor whdem must be ceopsidered im eastiga ting, 


vhe changes in tue strveture of an air masse after. the aero- 
creph sounding bes been made ia che gtvedepment of large 
scale turbulence cue to s large veriicsal velveity _recienr. 
Turbulence tends UW produce a stale of neutral equilitruny 
either for tne dry or saturated state, depenainy, UHOR 8 
shount of seievurt present. Teie reduces. Lue redative. ium 
a@duyie. the surface layer and thus raises the CCL and wwe 
fon, Sir Having «mucieus of moisture in Ubeupy er diay emmy 
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oe Ses 
Ss seundine tay shew tie presence ofa dange nvsrette 
table layer whieh will tleck cwovective activity, turb- 
Pare eee Lome iare «=f Ube ge ou 
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fhe e.e@ice of spetifiec humidity ef Ene point to ve 
raised by convection from insolatitnai he ting is, ef cwurte, 
of censiderable impertance. Normaliy, on days “ihe tt convective 
activity ie going to occur, bo@ e@ariv morning heurs wili be 
clear and a surface inversion develepad ty nocturnad radia - 
tion. In this case it is customary te take an average of the =» “ 
apecific humidities of all points belew the top of Lue ian 
version ane use Ahis: cpap ae Ue actual opect fie emi ih A 
of te point vo be raised. — This is particuleril, true - if any 
ie is expected Spring the cay waien pide md x Ls iawap 
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layers. 
ere’ | ~~ ils per, ‘_ e* pearee@ €5 te iu- 


7a. a 


P The exposure of the atation must alee ve taken into 
consideration; thus if the flow of air is from a water sur- 
face, such as @ co&stal or lake station, no cecresse in the 


surface epecific tumidity need be anticipated. 
rr) 


by forecasting we conveetive. wpe et air mugs tLhunder- 
worm knowledge of we oronanad maximum temoerature fur 
vie day and sree of cham, ¢€ of vemperature during the ay 
is cagemtia. " 

The Pate of ‘ehame ef combate the - eurface depends 
upon the amount of insolation received and the soil cotsvants, 
The first is practieully constumt throughout the Sear for vhe 
same aky conditions but the latter var; widely from plece to 
plmee, dependiny uren the wmount of soil cover, the claracter 
of the S011 Gnd the amount of moisture present in wre eodl. 
cinte these are too virteble and difficult to ascertait, tie 
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use of eyuations, bo aatermine retes of Chemug® O1 Leatperature 
aoe. net yield results worthy of wee «mount el levor invei- 
ved. inetead, ior this purpose aiurvumal te@ erature curves 

for @¢ach menth of tie , ear, uncer the diflerent Sky and sur- 
face cauditions, should prove to be ef considurable as .ist- 
anee. These curves cen be made up cor clear, closuyy partly 
Cioudy days, and dry and wet sobl., Wrom thermograph records 
of wast years, the amplitude of the curve and wwe variation 
from the mean for each hour er twe hours obtained, rhese —. 
values can then be plotted om an arbitrary scale oi temper- 
ature versus time and the general siepe ef the curve obtain- 


ei. For examples cre Ire ovomapiins will ‘ treo 
“am i) 3 of (a eteedinm. ; atest Wee . ss 885+ 
é aGgi 
_ 20° a7 sa ; d= : s 7 — ’ .« iy os * : ss 4 Wy 
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_  heedlesa to say, the curves for any twe cays under gin- 
ilar eenditiens will very provabi; heve diff-rent avseliute 
values bit the general shape of tie curves sould be the | 
same, Yhe forecaster, Krowing the agpiivuce of his curve, | 
Can apply this to his minimum temperature ana determine 
whether the rejuirea temperature for convectiens can be _ 
Veached. 
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Im situations where lifting ef an appreciacie Lapyr 
#ili be a factor in thunderstorm development the seriveken 
potential vemperature, Ie, of each ealient peint, togetiser 
with the lift required %O BSatUrnats each, is extremely val- 
uable te the forecaster in his edantontd oh ef the ooméi nae 


available. Since vain es of Oe, Coereasing with posses tag 


altitude, indieate potential instebiliw, ama the 1: @leated 
lifte Hive the Lire required Lo setur ate & given stratum 


the Serenester, after suff icent practice, cum determine how 


much lift is omnes to release the conditional instability 


of ae air mass in SRP e NL eR, the eee of the unstable © 


é ait. Eb. 


layer, pnd the poiut where free conveetion will ster by fro 

- | inspection of the enna. in addi tic OM, te rate of cec~ 
rease of Oz , 2 is & measure of the de.ree of inetabiiiyy 

present wv therefore of the pret ieywe pron wideh would be 


oer 141 + oe 


_ obtained by plotting and actually oufentine the required 
4 \ * ad ‘ : z= ' =< . _- > w ~ 


. lift on an adiabatic chart. Nowever, since Or ié reported 

; ‘rh +4 ; 2 J «= ss es Te Marrs” = ;@s 
, Say, vo the pearess whole cegree,. soundings where the values 
es a very small ceviation free the a should be Piotved 


- + le a 


and the lifts perform@ds & constant value of O2 would indi- 
A ~@ A =a ¢ » & bw Se ° 73% ’ ’ Sethi? "i is FF 7" 


. cate neutral equilibrium fer the Saturated stave anc Lence 


, Saad a thuncerstorm would be impossinie since ne vertical 
ME nny oe mouid be cevelopec. “n example of thie is 


given in warm front situation e215. the sounding shows & con- 


ow 


¥ stant value of Oc, 329° ») from the surface up to a SO meterée 
vowever, actually working it out on an adiabatic chart sheds 


that a slight degree of conditional instability coes exist. 
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TLYOavU out tris paper ali soundings Have been pietted and 
the lifts actually perfermecd on un adiabavic chart. ince it is 
difficult to conceive of Lifting takivg place in the utmouniiere 
witsieut divergence St seve Level, the Lifts have been Performed 
with ruspeet to the altitude ecale and not the Preseure Bes le. 
This procedure introduces appreximately 8% divergence in a Litt 
ef one Kilometer, wiics ie eensidered to be conservative. ew- 
ever tiie is a very tedieut srecesas am aho id AOL, eachpu is 
berder line cases, be wecessary aftur the forecaster haa become 
familjar with tne use of Cer and lift. 
AIR MAQS SYMBOLD 

In tne followinw examples tie customary Bevicd of classif£- 
deation of air masses is used, sucs a8 Tp, Pe, ete. Im addition 
the gymvol of any alr mass, returning toward ite seurce region 
is preceeded by the letter "HR"; for example MPe denetes polar 
eontinental air, which ass not remained iu lew latitudes « wuf- 
Ticent length of time to .seume tropical charucterigtics, rewrn- 
ing Serthward toward its source region. Subscript Muserale are 
alse added to indicate the mumber of dayo ac Gir mags bas Deen 
moving from its so.res rejion. The suuscript entered ww the Lert 
ef tee symbol indicates a trajectory ever water eurleced, enver- 
ed to une rigtt indicates trajectory cver lene@ Brensb, Cie, iy 
si eifiea poler pacific air ene day from ite source, with « wal- 
er trajectory. Tue use of "o" a8 @ subscript designates trave. 
for 4 congidersble period of time, suffiecent that the air ose 
lost ita original charscterigtics but hat Bot assumed the char- 
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SaCTLION ONS * “ 
| AIR WASGS THUNDERSTCRMS. si ita he Soe 
Under this eategory are ineluded those elma 
occurring in the absence of frontal activity; those caused 
vy surface heatiry and orographical lifting. This type is of 
course mere frevuent in the summer montis. They may occur in 





almost every type of ott anthy but ‘are observed most frequent- 
ly in Ts raul Ya ‘mhehde Wite-e0 whe oy pach ‘stead af: condit- 
ienad tnevabiitty “and hres Bt ivdee teavcae baer ou te tu.em. 
However, tingle seerved on the Pacifae Coast if wivver in 

rec Pp airy didustrations of thie ‘type are included ‘ia illis 


aa Cams the Arp tics turt, oie aliens Curia, We Perve- 


etre | rset seeuhak “Scnaret eechanics of thun- 
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ef tue precipitation reports on the weatiner maps. dowever, 

teese can by no wetins be censidered conclusive, since vy its 
very nature thunderstorm precipitation is sporadic; and the 
reports received from two clusely adjoinin, Stations may be 


widely variant. 


BXAMPLE # 1. | 

Pensacola, Florida. 28 ‘pril, 1936. 

This is type 4 3, air mass thunderstorm situation. 

First, consideration of the synoptic ghar’ shows Mae 
foregas ter the air mass or masses with whien né is aeuling. 
In this case the synoptie chart shows that, durin, the fore- 
cast peried, he will be dealing with but one air mass, char- 
acterized as RgPe), appreaching Tg, but emphatically not a 
true Ty air mass as is clearly borne out by tie aerograph 
sounding which shows tue stratified moisture distribution 
typical of old Pe in this region. Incidentally this strat- .s 
ification gives a very much more vivlent reaction when lift- 
ed, convectively or frontally, than pure Tg with its more 
symmetrical moisture gradient. 

The explanation of the choice ef the specific mami ky 
vo be used ler the rising particle has been given above ; in 
this case, due to the location of tue station on the uulf of 
vexico where tae surface levels are assured an ever fresh 
supply ef moisture, with on-shere winds, the actual specific 
humidity, 1: grams per kilojran, of the surface point is 


chosen. 
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inspection of the adiabatic eciart shows, the LOL wt 
1005 millibura, 14v meters. If the moist aciabatic is Loliow- 
ec up frem this ;oimt it will ehow a small megative, resist- 
ant, area to 9-0 »willivars. Unless there if some symhoptic | 
factor, er an ore, rayhic obstructien, to Cham,ée whe sturuct- 
ure of the air or to further mechanically lift it me cenvect- 
ins from lifting would be expected to wake place. in this 
cenditions were present so attention is given 





cause no such 
te the cc, 

Inspection shows the CCL at 952 millibare, 60v meters; 
the dry adiabatic fellewed from here te the surtace peint 
shows that a maximum temperature of 25.6° C. is required to 
eatablish free convections from inselational heating. Ab ex- 
epination of the ciurnal temperature curves fer this svwetion 
shows that such a wupernture is not excessive for tie date. 

Since free cenvectien is & probability return to the 
CCL and follew the meist a@iabatie up from that peint. It is 
seen tuat everywhere tre aeregrarph curve is co.icer than the 
path followed by @ surface particle moving up the woist ad- 
imbatiec from the CCL; in short, tat tnere is positive area 
at all points which would accelerate a particle ror « dist- 
ance of 3300 meters from the CCL to the ICL, ana fer some 
distance, which, Me to the termination of the ae ropraph 
sounding, cannet be determined, beywnd that point. 

* thundersterm should be predicted for the station. 
Since the ICL is very high, 582 milliburs, 4500 meters, and 
the structure abeve that point cannot be completely pictured, 
it would be safer to predict only rain with it, hail probably 
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would not reach the surface. The time at which convecti 


would reach the condensation level co 


accurately by use ef the diurnal temperature 
adiabatic chart, but predicting the josh ako 
darbtome would bres, ar how leony St apee Je 
t whieh will be be ai tempted sen 
A tounderstorn of shpecse; 
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rengacola, Fiorica. 24 May, 1436. 


ev e 4 


This ig type § U, air masse thunders torm Situation. 
.8 in ense one, first consideration is given Lo the sy 
. A 
optic chart to determine the air sass sith which the fore- 
caster is dealing. in this case the air mass is Ty. | 


The actual epecifie humicity of lie suriace point, A 
graeme per kilogrvm, is chosen to determine the LOL and tne 
Clie 

The LCL is found to be at 1007 milliibars, is0 mivers. 
Were, again, meenanical Liftiny to am exveht whics can not be 
realized, or a chance in the structure of the air maus, whieh 
the synoptic chart shows not to be probable, would be requir- 
ea ror convective action from lifting. 

The CCL is found to be at 920 miliibarsa, 95 meters. The 
dry abiabatic followed from here to the surface Point Shows 
that a uwixiwam temp rature of 28° C. is required for free con- 
vection to take place. Inspection of the atation diurnal temp- 
erature curves show that such a temperature ig not excessive 
for tue date. 

Meturning to the ediabatic ecnart and fvilowing the molet 
afiinbutic up from the point where it interseets the CUCL it is 
seem that everywhere above that point lies a cositive atten. 

A particle leaviaw the SCL would be accelerated for 4170 met- 
ers to the ICL and fer a Sistanee beyond wet point whieh can 


not be estizated. 
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A thunderstorm should be predicted for we #ta 
> . ii 


Sinve the ICL is very high, S60 en 6000 
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EXAMPLS # Se 

Pensacola, Florida. 21 August, 1936. 

This is type # 3, air mass thunderstorm situation. 

The synoptic eer indicates tnat the forecaster will 
deml with but one air mass during the forecast period, Tg. 

In this case, due to the small temperature inversion, 
whieh snould be wiped out shortly after the sun rises, the 
mean of the actual specific humidities of tne first two : 
points, 18.1 grams per kilogram, is chosen as the acvual 
specific humidity of the particle to be lifted. 

The LCL is found to be at 962 millibars, 440 mevers. 
Sinee mechanical lifting in this amount cannot be provided 
here, attention is turned to the CCL. 

The CCL is found to be at 3908 millibars, 970 meters. 
The maximum tempereture of 319.2 C. found to be required for 
tree convection is checked on the station ciurnal température 
Curves anc found not exeessive for the date. 

if the moist adiabatic is followed up from the point 
where it intersects the CCL it will be found that positive 
area is present to the top of the curve. A particle leaving 
tie CCL would be accelerated for 4770 meters to the ICi. and 
for a distance beyond that peint which cannot be estimated. 

A thunderstorm should be predicted for the station. 
Since the ICL is very high, 512 millibars, 5740 meters, and 
the structure above that point cannot be completely pictured, 


it would be safer to predict only rain to accompany the thun- 
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derstorm, hail probably wouid not reseu tne 
A thunderstorm of moderate intensity, | 

Ot (21 of rain, no recorded 2 ( rm. A 
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GXANPLE ff 4. 

Anacostia, Virginia. 10 July, 1956. 

This is type # 3, air mass thunderstorm situation. 

This and the following c&se, ¥5, are introduced to indie- 
ate that thunderstorm forecasting is not always certain. From 
@ consideration of the synoptic chart and the adiabatic chart 
it' is not believed that many forecasters would have pregicted 
thunderstorms for this 44y. Since the possibility of lifting 
setting off free convection is indicated as impossible, no 
frontal activity being involved ond Aeksvashile eke 
lacking euffitent height, the only possibility of thuncer- 
storms would be ¢onveetion due to laablocicnal nestins A max- 
imum temperature is required for free convection which would 
net have been anticipated fer this day. however, thunder- 
storms did occur on this day. 

The synoptic chart shows that the forecaster will deal 
vith but one air mass during the forecast period, Tgs, 

In this case, due to the large temperature inversion, 
which would have to be wiped out before free convection could 
arise, the mean of the actual sp»cifie humidities of the points 
from the surface to the top of the inversion, 12 .rams per 
kilogram, is chosen as the actual specific humidity of the 
surface particle to be lifted by convection. 

The CCL is found to be at 678 millibare, 3420 meters, and 
the temperature required for free econveetion to be 438° C. 


This would ceem excessive, but since that temperature was 
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reached on this day it wili be reLlowea through On the ade 
dZabatie chart. 

“hen the CCL is reached by conveetions due vo inseiat- 
fonal heating it le found that, following the moist adiabat- 
ic up from its inversection with the CCL, everywhere above 
that point will ve positive area. The ICL is very high, 530 
miilibars, 5400 meters, and the whole structure of the ;os- 
itive area cannot be pictured, but a sarticle wiil be cun- 
tinuously acceler:ted from the CCL for 24.0 meters to whe 
ICL am. for gome distance Leyond that polnt. A thunderstorm 
sould have been predicted for the statiun. 

A high level thunderstorm of slight intensity occurred 
over the stativn at 2100. No record of type or amount of 


rrecipitation. 
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Lakehurst, Sew Jersey. 10 July, 1936. 

This is type + 3, air mass thundersvorm situation. 

This is a situation praecticéliy identical with twat at 
‘nacostia, Va. on the same Gay, example | 4. The only differ- 
ence lies in the surface inversion being smaller and the mean 
specifie humidity 2 grams per kilogram higher, 14 grams per 
kilo,ram in this case. 

Here again the LCL is meaningless, cue to the tremendous 
Lift required, and attention is confined to the CCL. 

Tne CCL is feuns to be at 744 millibars, 2650 meters. 
Tne taxinum temperature required for free convection is found 


to be 40° C. This would seem exeessive, but it was excetded on 





this purtieular day. ‘hen the CCL is reached by conveetion 
due to insolati-nal heating it is found that, followiiy, tlhe 
moist adiabatic up from its intersection with the CUL, Une 
area everywhere above that point will be positive. The ICL is 
very high, 513 millibars, 5580 meters, and the extrapolated 
aerosraph curve above that pvint appears to be closing up the 
positive area. However, there will be accelerations on a parte 
iele for 2930 meters, from the CCL to the ICh and for an un- 
determined distance beyond. A thunderstorm snould ve predic- 
ted for the Station. 

A high level thunderstorm of slignt intensity occurred 
nesr the station at 2100. Mo reeord of type or afiount of pree- 


ipitation. 
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EXAMPiAS # 6. 

Anacostia, Virginia. ll July, 1936. 

This is type / 3, air mass thunderstorm situation. 

This and tue following case, # 7, are introduced to 
indicate that under a siven set of conditions, similar in we 
main points to those existing on the previous Gay, the same 
phenomeng muy be expected for both cays. 

Tae synoptic chart shows the forecaste@ that he will 
Geal with but one sir mass during the forecast period, Tys. 

A mean value of specific humidity, 12 grams per kilogrim, 
is chosen for the actual speeifie humicity of the particle to 
be lifted. it may be noted that the gradient of specific hunm- 


idity has decressed from the previous day. The iarger values 


 gloft may be considered as due to mixing. 


As before the LCL is without meaning. The CCL is found 
at 697 millibars, 5140 meters. The maximum temperature re- 
guired for free convection is found to be 41° C. With pmact- 
ieslly the same conditions existing as on the previous day 
it may be assumed that chis is met excessive. 

When conveetions reach the CCL it is found that, foiliow- 
ing the moist adiabatic up from that point, the area every- 
where above will te positive. The ICL ie very high, 827 mili- 
ibars, 5340 meters. 4 particle leaving the CCL will be con- 


tinuously aceelernated for 2200 meters to the ICL and for a 


distance beyond that point which cannot be estimated. A 


thunderstorm shoulé be predicted for tne station. 


A thunderstorm occurred over the station at 1910. 
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UXAMPLE # 7. 

Lakehurst, New Jersey. ll July, 1936. 

This is type * 3, «sir mass thunderstorm situaticn. 

This situation is practically identical with case 6. 

The mean value of speeifie humidity, 15) sranis per kilo- 
xzram is chosen as the actual specifie humidity of the part- 
icle to be lifted. 

The CCL is found at 699 millibars, 3180 meters, and the 
maximum temperature required for free convection is 41°95 Cc, 
Again, considering the previous day this is not excessive. 

when convecticons reach the CCL it is seen that, foilow- 
ing up the moist adiabatic through this point, the area 
everywhere above will be positive. The ICL is very high, 806 
millibars, 5700 meters. Conwections which reach the CCL will 
be continuously accelerated from there fur 2520 meters to 
the ICL and for a distance beyond that point which c&unnvt be 
determined. A thunderstorm should be predicted for the sta- 
tion. 

A high level thunderstorm of slight intensity occurred 
over the station at 2000. There was no record of ty;e or 


amount of precipitation. 
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EXAMPLE # 8. 

San Diego, California, 4 December, 1936. 

This is type ¥ 3, air mass thunderstorm situation. 

Consideration of the synoptie chart shows the forecast- 
er that during the forecast period he will be dealim with 
only one air mass, 4Pp; and that the pressure should fall for 
some hours, due to an approaching trough. | 

The actual epecifiec humidity of the surface point, 6.3 
grems rer kilogram, is chosen for the s .turation specific 
wvnidity of the surface point to be lifted, eitier oro, raph- 
ically or conviectively. : 


~ 


Inspection of the adiabatic chart shows the LCi at 929 
millibars, 720 meters. If the moist adiabatic is tollowed up 
from this point it will show a small megative, resistant, 
area, to 789 miilibars, 2150 meters. iio possibility exists at 
“his station for the mechanical lift required to set off free 
eonvection so attention is turned to the CCL. 
maximum temperature required for free comvection is 17° C. 
Inspre n of the diurnes mperat! 3 1] ee 
dnspretion of the diurnal temperature curves for this svation 


; _ The CCL is found to be at 872 millibars, 1250 meters, the 


show that this teriperature is not excessive for the date. 


eseu 
Following the moist adiabatic up from its intersection — 
with the CCL it is found that it lies to the right of the 
aerotraph curve from 8&72 millibars to 620 millibars, 3080 met- 
ers, and to the left of that curve from there to the end. 


This means that there will be accelerations on a particle 
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leaving the CCL icr a distance of 1730 meters to the 620 
millibar level, where it will enter & reSisviunt stratum Bnd 
Le Ceeellerated until upward velocity is completely tmlted 
at a point which cannot be determined due to the termination 
of the sounding. however, the ICL is at 779 @iilibars, 2150 
meters, within the positive area. There wili be ucctlerautions 
on a particle leaving txe CCL for 900 meters to the ICL and 
from there to the beginning of the resistant stratum, co0 
meters further. Dinee it can be estimated that vertical 
velocities of some moment will extend ior at least 2000 met- 
ers a thunderstorm should be predicted for the station. Lignt 
Showers could very well be expected to accompany it, but cer- 
tainly no hail. 

The saxinum required temperature of 17° C. was reached 
at 1100 at San Diegowund a thunderstorm of slight intensity 
accompanied by light showers occurred over the statiun at 1240. 

Altnough it wus not needed to indicate thunderstorm 
possibilities, the fact that a decreuse of pressuré was indie} 
ated for the station would have sug,ested a probabsut inerease 
in the instability of the ascent curve due to the development , 
of convergence. had the case been bord@ line this shoud have iv 


lent weight to a @ecisien to forecast tiunderstorm conditions. 
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BXAMP RE 47 8. 

Pasadena, California, 2¢@ MAren, L2S7. 

This ia typer, 4, sir mess thunderstorm eiliuation.- 

Tue synoptic chart shows the réreenster t.at ve will: 
G@eal with but one ulr BABS, ofp), curing the foree.st period. 

The saturation specific humidity, 7-4 grams per kilioc- 
cram, ia che en ag the actual speelfic sumidity of the eur- 
face particle to be liitted, either orojraphically or by cone 
vection, ainee tie station is near the seacoast and there is 
26 inversion. ai ree | ice, ames oT 
_ dmspeetion ef the adiabatic chart shows that we LCL is 
at 970 millivars, 840 meters, as is the CCL. A moiet adiab- 
atic Tellowed up from this point, «ili shew everywhere a pes-, 
itive urea. The elevation of Pasadena da sot eudfieent tw 
provide the lift reguised for free convection, Hhiil’s neserby 
in whe path of tha flow are high enough, tnougi. in this cause 
Lift was not necessary for insoletional heating set oli the 
convections befcre the air had reached tie hilis. The UcL 
indicates that a maximum temperature of 12° Cc. is required 
to establish free convectio:. This temmerature was reached at 
about the time the aeroygraph sounding, from San Lielo, Califr- 
ornia, was made. Convections had already startec when the 
air resehed this station. 

Convections #111 cause a“ rising particle te bs acceler- 


ated for 1690 meters to the ICL, which is seen to ve at 797 





millivars, 1030 meters, and for several t ousar 
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above that vovilintns sxtrapolation of the ascent curve indicat- 
es a closing of the positive area somewhat above SOOO meters. 

In this case, since the ICL is so low, the probability 
of violent electrical phenomena is remote, but the forecast- 
er would certainly be justified in predicting hail accompan- 
ied by a light thunderstorm for the station. 

A light thunderstorm accompanied by considerable hail 
and rain showers occurred at this station at 1245. 

The aseent curve for the following day has been added 
to point out the stabilizing effect of subsidence, which has 
rendered the same air mass, violently unstable one day, 
Stable on the following. From this curve one couid predict 
a few strato-cumulus with bases at 9560 millibars, UO meters, 
and tops cut off by the stable layer at 840 nillibars, 1690 


meters. 


44 


p - G —— 
pate_~/ 2% £ {97 
* REMARKS 


CLOUOS 


aie 
o)5 


. 
al 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
AEROGRAPHIC DATA SHEET 


EST 


& 


,S 


2 
o 
Z 
G 
Z 
5 
0 
a 
LJ 
= 
— 


«< 
‘ x 
ee 
ny 
" nn” oo ‘ie > 
J ~ A ae c 


~~ | #£ ’ 
te ie ~~) ah 
GW We | bs mM] Ro 
Sis} oy wel Fl G 
NN] co 7] SS a 


> 


mp 


7. it 
ff re " =" 


; 


i 


« = 
7 ' : 
é 
q : ° 
° 4 e . = 
a ] e 
7 
= 
: ptt 
am - - 
J @ uf 7 ig _ 4 
4 ase 7 y L s 
_ i > 
a 
J 
7 


A 
2 


i. 4 
“hae 


_-—* — 


» ~*~ + 2 


: 
7 
' an oe 
« 7 o~ = _ —_ 
( é 


os & & . 
Tee 


-~-*e*e ee 
SOUT ee 
- ee 














bXAMPLE #¥ bO, 

Pasadena, California. 16 March, 1937. 

This is type #.3, air mass thunderstorm situation. 

Consideration of the synoptic chart shows the lorecaster 
that during the forecast, period he will be dealing with only 
one air mass, Pps 

_,From the adiabatic ehart it is found that, within the 
accuracy of instruments anc chart, the surface layer to 200 
meters is saturated, at 10 grams per kilogram. 

Convections due to insolational heating will cause the 
surface particle to run immediately into a resistant layer 
which extends to 692 millibars, 3060 meters. The diurnal temp- 
erature curves indicate that the maximum temperature to be 
reacned during the day will not be sufficent to provide free 
convection. 

Turning to the effects of lifting it is seen that a lift 
of 200 meters will so change the structure of tie aerox,rapn 
curve that any further liftin, will result in free convection 
with the development of a positive area. This is shown in the 
Curvé marked in green. Since the height of Pasacena will not 
éive the lift required for free convection no thunderstorm 
need be anticipated at the station. 

However, the flow of air is from tne west ani nearby to 
the east of Pasadena lie hills which will provide more than 
enough lift to set off convective action. Since the positive 


area which will be developed by lift contains the ICL at 
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720 bi Lilmeres 2740 meters, and extends for some unceternined 
distance beyond the top of the ascent curvg a thuncerstorm 
should be expected to oecur in the mountains close to Pasa- 
dena. 

The day was clear at Pasadena but thunderstorms accom- 
panied by lizht showers occurred in the hills just to the 
east, starting at 1710. An increase in the intensity was 
reported as the air continued its flow into the higner area 


still further to the eust. 
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SECTION Two 
FRONTAL THUNDIRSTORMS 

Under this catevory are included those thu de: storms 
occurring in the presence of, and Gue to, frontal activity. 
This type may oecur at any time of tie year but is most 
trequently observed during the warm months. They may occur 
in almost every combination of air masses but due to the 
typical structure of conditional instability and large mois- 
‘ture content inherent in Tz and Ta air masses, thunderstorms 
will most frequently be found where this air forms the warm 
sector of a frontal disturbance. 

Frontal thunderstorms are nearly identieal in the mech- 
anies of formation to the orographical air mass type. THis 
may be readily seen when one considers tné trajectories of 
air in the warm se¢tor of a front. In the case of warm front 
thunderstorms the warm air is lifted by its ascent over the 
Cold air which it is over-running, this in itself is exaetly 
analasous to an orozraphie obstruction. In addition vo the | 
effécts of lifting there is a certain amount of Givergent — 
flow ev _rywhere present except near vie center of low press- 
ure. Here it should be pointed out that divergence will in- 
erease the stability of any stable layer, counteracted | 
som méeuisure by the effects of lifting, but it will increise 
the instability of an unstable layer adding its ineréase of 
instability to that furnished by lifting after saturation. 

Further, in the discussion of warm front thunderstorms, 


the possibility of thunderstorms oceurrin’ in the cold air. 
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velocities of the over-running warm air wii puaeeney be 
siven an adcitional impulse dy the faye rei et cold air. 
*\ Lagu, pe. 


Stations, in the warm air, near wie surisce position of the 
, na ae 
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LXAMPLE # le 

Pensacola, Florida, 18 January, 1036. 

This is type #.5, cold front thunderstorm situetion., 

The synoptic chart shows a cold front approaching tte 
Station from the northwest, distant about 100 miles, on jue 
morning of 18 January. The front is decellerating but should 
pass the station during the afternoon, The air masses invoived 
are Tg at tue station and the approaching muss, Peg. ,.,, 

From the aerosraph sounding, plotted on an adiabatic ,.., 
chart, it may be seen that the air mass uow overlying the sta- 
tion is conditionally unstable from 986 miillibars, 724U meters 
to 703 mililibars, - 307) meters. . a — al - 

It can readily be seen that edethiens due to insolat- 
ional heatin,; need not be anticipated. The interest of the — 
f oreeaster is then turned to the amount of lift which will be 
required to release the potential instability of the Ts air. . 
It is apparent from t.e chart that a lift of ©OU meters will 
Ss turate the air from the surface to 2060 meters wits tie € ex- 
ception of a layer at 1900 meters whicn will be within a fow 
tenths of a gram of saturation. The effect of convergence,, 
discussed earlier, siould certainly overcome this small Giti- 
iculty. It is possible tuen to conclude that a lift of any- 
thing over 500 meters will be enous to reiexse the potential 
instibility of the air over the station. 

If the salient points of the original ascent curve are 
each lifted 500 meters, remembering tiat some will ascend the 


moist adiabatic, some toe dry, and some will follow first wie 
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Gry and then the moist adiabatic for part of the aistance, 
curve #7 2 will be obtained. 

Inspeetion of this curve shows tiat further lifting wiil 
result in the yarticle which has reached 928 millibars, 740 
meters, after lifting from 986 millibars, 240 meters, ascend- 
ing the moist adiabatic through that point. From there up- 

ards it will cverywhere be warmer than its surroundings and 
will be eontinuously accelerated. Tnere will be a positive 
area from 928 millibars, 740 meters, to the top of t.e ascent 
curve. The ICL is contained within this area at 590 millibars, 
4470 meters. 

The forecaster may conclude that with a lift of anything: 
over 500 meters, certainly to be expected from tne approach- 
imz fro t, there will be free convection extending from 740 
meters, with continuous accelerations from there to the ICL 
at 4470 meters and increasing beyond that point for a distan- 
ce which cannot be estimated. He should predict a thunderstorm, 
accompanied by moderate rain and hail, for the station during 
the first foreeast period. 

4 thunderstorm occurred over the station &t 1135, the 
front passed the station at 1500 with a rapid drop in temp- 
erature of 12° C. Unfortunately there is no repurt of the 


type of precipitation. 
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EXAMPLE # 2. 

Pensacola, Florida. e June, 1936. 

This is type # 5, cold front thunderstorm situation. 

The synoptic chart for the mornin, of 8 June shows a 
qu&si-stationary front to the northeast of wie stativun with a r 
wedce of high pressure to the north. Suen motion as the frent 
hes exverienced nas been Zenerally towsra the soutiiwest, vast 
of tne station, and north to the west. The air masses invol- 
ved are Tg, oPp and Fes, 

From the aerograph curve, plotted on the adiabatic chart, 
it may be seen that the air mass overlying the station is con-= 
ditionally unstable, in effreet, throughout. There are small | 
Stable strita, but in the main the mass is conditionally un= 
Stable. - - 

 bxamination of the chart shows the CCL, using 17 grans_ 
per kilogram as the actual specific humidity of the surface 
particle, to be at 8&4 millibars, 1220 meters. A maximum 
temperature of 3195 C. is required ior conveetion to reach 
that level. The diurnal temperature curves indicate tiat this 
will probably not be resched during the day so attenticn is. , 
given to the LCh. If certainty existed that there would be no 
frontal activity near the station the fact that the LCL is 
found to be at 958 millibars, 540 meters, would indicate tnat 
no further thought of thunderstorms need be in the forecast« 
ers mind. However, in view of the front near the station and . 
the: possibility ef development of movement thereon it would be 


well to find what lifting would do to txe air mass structure. 
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If the salient coints of the original ascent curve ure 
li:ted 1000 meters, a reasonable Lift considering Troental 
activity, curve . 2 will be obtained. 

Inspeetion of this curve shows that further lifting will 
result in the particle which has retuched 890 milliburs, 1180 
meters, after lifting from 998 miliibars, 163 meters, ascend- 
ing the moist adiabatic through that ;oint. from there upwerd 
1t will be wirmer than its surrousdings and will be continuous- 
ly accelerated. So with further lifting bhere wili ve a posit- 
ive ares extending from 890 milliburs, 1150 meters vo the top 
of the ascent curve. The ICL is contained within this area at 
542 millibars, 5220 meters. 

The forecaster tay conelude that in tue case of regener- 
ation of frontal activity and approach to his atatioun, he will 
have the probability of free convections extending from 1180 
meters, with continuous accelerations, to the iCL at vu2c0 met- 
ers and for a distance beyond that point wnich cannot be es- 
timated. He Should carefully watch his teletype reports, if 


avaiiable, and be prepared to give a suryplementary forecast of 





moderate thunderstorm, accompanied by rain anu hail, for the 
Station if the front approaches. 

in this case regeneration of the front occurred, motion 
toward the southwest was rapid, and a moderate thure irstorn 
passed over the stativun at 1610. Gusts of 51 knots were re- 
corded during tie thunderstorm but unfortunately the tyne of 


precipitati nm was not reported. 
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EXAMPLE # de 

Lakehurst, New Jersey. 13 May, LOS6. 

This is type # 3, cold front thunderstorm situation, 

The synoptic chart shows a cold front approaching the 
station from the west, distant about 180 miles on the morn 
ing of 13 May. The front is moving steadily eastward at abou 
20 miles per hour and should pass the station in tne late 
afternoon. The air masses involved are Tgg at the station and 
the approaching mass, oPo. 

From the aerograph curve it may be seen that tne air 
mass now overlying the station is conditionally uns laole for 
the greater part. Inspection shows taat a maximum temperature 
of 35° C. is required for convections to reach the CCL, a 
temperature which far exceeds any to be exjeeted at the sva- 
tion. The interest of the forecaster is then turned to the 
amount of lift required to release the potential instability 
of the air. In view of the approaching front a lift of 1000 
meters is applied to exch of the salient points of the orig- 
inal ascent curve. Curve #7 2 is obtained by this operation. 

Inspection of this curve shows that the original inver- 
give, though recuced, has not been wiped out; but that the 
lower layers have become saturated to 725 millibars, 2520 
meters. It is also 6&0 be noted that above 772 millibars, 

2340 meters, the new curve lies to the left of the moist ad- 
labatic through that point. Yith any further lifting a pos- 
itive ares will be developed from 772 millibars, 2340 meters, 


to tie top of the curve. The ICL is contained within this 
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area at O¢d2¢ millibars, 4100 meters. 

The foreeaster may be assured that with a lift of any- 
thing over 1000 meters, certainly to be odtained from the 
approaching front, there will be free convection extending 
from 772 millibars, 2340 meters, with continuous accelerat- 
ions, to the ICL at 4100 meters and above that roint for a 
distance which eannot be estimated. A thunderstorm, accom- 
panied by rain, should be predicted tor the staticn tor the 
first foreeast period. 

A thunderstorm occurred over the station at 1500, un- 
fortunately the type of precipitation was not reported. The 


eold front passed the station at 17350. 
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EXANPLE #¥ 4. 

Anacostia, Virginia. 13 May, 1936 

This is type # 3, cold front thunderstorm situation. 

The synoptic chart shows a cold front approaching the 
station from the west, distant about 140 miles on tLe morn- 
ing map. The front is moving east steadily at about 20 miles 
per hour and should pass the station during the afternoon. 
The air masses involved are Tg2 and oPo. 

From the aerograph curve, plotted on the adiabatic chart 
it may be seen that the air now overlying the station is con- 
ditionally unstable throughout the greater part. inspeetion 
shows a maximum temperature of 3392 C. required for free con- 
veetion induced by surface heating, a temperature which ex- 
ceeds the normal for the date at the station. 

The amount of lift which will be required to release 
the potential instability of the air is now investigated. In 
view of the approaching front a lift of 1000 meters is ap- 
plied to each of the salient points of the ascent curve. 
Curve # 2 is obtained from this operation. 

Inspeetion of this curve shows that the original inver- 
sion, though reduced, has not been wiped out; but that the 
lower layers have become saturated to 625 millibars, 4120 
eters. It is also to be noted that above 820 miliisars, 1890 
meters, the new curve is everywhere to the left of the moist 
adiabatic through that point. With any further lifting a pos- 
itive area will be developed from 820 millibars, 1800 meters, 
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to tle to; of the curve. The ICL is contained within this 
area at 600 miliibars, 4450 meters. 

The forecaster may be assured that with a lift of tny- 
thing over 1000 meters, certainly to be obtained from tie 
approaching cold front, he will have free conivections ex- 
tending from S20 milliibars, 1890 meters, with continuous 
accelerations to the ICL, a distance of 2590 meters, and 
for a distance beyond that point which cannot be estimated. 
He should predict a thunderstorm, aecompaniec by moderate 
rain, for the station during the first forecast period, 

A thunderstorm occurred over the station .t 1430. Un- 
fortunately the tppe and amount of precipitation wus net re- 


ported. The cold front passed the station at about 1500. 
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EXAMPLE #f O-6 
Northeast Arkansas. 23 April, 1937. 
This is type # 5, cold front thunderstorm situation. 
The synoptic chart for 22 April shows a rather equy lies 


ated cold front running S¥-N through the panhandle of youn 
and moving to the, southeast at epproximately e2 miles per 
hour. A.flew of Tg is. being brought north, induced by the 
low pressure centered in Iowa. The air masses involved are 
Tg and gPpg in, the warm sector, jPpg and Pe, behind the cold 
front. rilriroets tla Aimee 
This example passes from station forecasting to the 
wider range of Gistrict, for the investigation of tue yea- 
Wer phanomeng, sapapiajod, with sugh a repidiy moving and - 
complicated frontal system must be more eeneral. © soon. 
In this case it is seen from ite reveport ~~ 1. 7 
for c2 April that Ty air has reached tere, AY Oe 
surface levels. Judyi.g from the cloud drift the upper Voie! 
are ,enerally south, veering to sou Lhwest. The velocities 
Can,only be estimated, but from such pilot balloon runs, as 


,-_ 


are available it seems that they approach 35 miles per hour, 

- Photting the Shreveport sounding on an adiabatic ehart 
it is seen that, with the present structure, the air over — 
that station now will not be susceptibie to convections due 
to surface heating. Going to the lifting process, remember- 
ing that the swiftly moving front to the northwest will pro- 
vice.a ready agency for lifting, the salient points are each 
iifted 1000 meters. From this operation curve # 2 is obtained, 
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with saturation extending up to 729 miliibars, 2s0O0 meters, 
With further lifting that air now at 839 millibars, 1610 
meters, will ascend the moist adiabatic through that point. 
It will provide a positive area from there to 715 willibars, 
JOCO meters, where it will run into a resistant area, the 
remains of the stron: inversion from the original curve. 
This resistant ara extends to 562 millibars, 0380 meters, 
and it is believed that it will be strong enough to block 
eonvections at that point. It can be seen that either further 
lifting must be anticipated or that the sewn bile eliects of 
convergence be applied to see what will guadh beturm r 
Assuming 20% convergence of mass due to the rapidly mov~ 
ing front, and remembering tnat convergence Ap applied to Lhe 


pressure cifference between each salient point ana the sur- 
1) = 


face point, presuming mass rouwhly proportional to we eos e~ 
ure, eurve / 3 is obtained from curve # 2. it is seen that 
this last manuever hes reduced the peveretes ef the original 
eurve 10 a point where its maximum vein’ lies just on tne pic 
moist adiabatic whieh passes through 830 millibars, 1700 | 
meters. The resistant area has been completely destroyed and 
there cou.d be free convection from 1700 meters to the top 

of the curve, with accelerations being continuous wut a min- 
imum at 600 millibars, 4400 meters, incréasing yereatver, 
_,. However, realizing that there is ae quantitative means 
of meksuring convergence and that its use is merely a guess 
aS to tre amount to exnect, the original ascent curve ic 


again operated on, this time using 1500 meters lift. From this 
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operation curve # 4 is obtained. From this curve at is seen 
that any further lifting will result in the formation of 4 
positive area extending frem 732 miliibars, 2100 meteru, *%o 
618 millibars, 4150 meters, there a sligat resistent area is 
encountered,2¢ millibars, 400 meters, thick. This would not 
prove an obst«ecle and cenvectiun wouré pass through that layer 
above which lies another positive area increasing in size wo 
the top of the curve. The ICL lies at GEO millibare, 4140 
meters. Attention is invited to the similarity of curves # 3 
and w 4, indiciting that in this case 4 convergence of 20% is 
practically equivalent to a lift of 500 meters. 

‘Yee air, now over Shreveport, if lifted 1500 meters, or 
1000 meters with an assumed convergence of 20%, will bw in e 
State where any further lifting will result in the reglizgation 
of tue potential instability conteined therein. Thunderstorms 
Should occur, accompanied by hail snd rain. 

The next question to consider is, where may it be expeet= 
€G thet this lift will be realized? Considering the flow of 
Tg to be about 33 miles per hour frum the southwest, veering 
to west with northerly distance gaineu, and the comutea or 
extrapoiated movement of the front to be about 22 miies per 
hour in a southeasterly direction it appears thet the sSoutvh- 
ern part of illinois ami a line extending from there south- 
erly through westerm Louisiana shoulf have cold frunt thunder- 


storms of considerable intensity starting early on #3 April. 
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Thunderstorms of considerable intensity, 
destructive hail in northeast Arkansaa, and 
long line running from there to 
during ee might 23 April | 
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SXAMPLi # 6» 

Dallas, Texas. 29 April, 1dvs?... 

This is type # 5, cold front thunderstorm situation. 

The synoptic chart shows a cold front 130, miles to. the 
west of Dallas on the morning of 28, Aprid. It is moving, to 
tne east and decellergating. The air masses involved are oFco 

approaching Tg in, tke warm sector, with, gPpo, and RPey, the 
,celd masses. _. ‘hana wil . mie . . 
-... in view, of the, synoptic, situation, the air mass, structure 
which would interest the Dallas forgeaster is, not that over- 
.4ying his station at the time of the morning,ap but rather 
that which will be over Dallas when the cold front is in 
elose enough proximity to his station, te, be an active lifting 
agent. Judging from the upper air soundings,at the piiot,.. «| 
~balloon run the air mass which is mow over San Antonio, and, 
.whese aerograph sounding is available, is the air,most sim= . 
ilar to that whieh should be over Dallas at a time when fron 
tal activity may be expected. In the absence of any wetter 
¢ata the forecaster must use this soinding to estimate the __ 
ATOGHITR AT He Baten, ce urpur Garlg Let works Mende 
a» » The San Antonio aerograph sounding was taken at 10U0 C.S. 
2& April. Plovt.d on the adiabatic chart it is seen that this 
(air with its strong inversion will not be suseeptible to con- 
vections cue to surface heating. Considering the possibility 








of lift, since a front is anproaching which will serve as a 
reany lifting agent, it is seen that a lift of ap, roximtely 


2000 meters will be required to remove the inversion. The 
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salient points are each lifted 2000 meters and curve ; 2 is 
obtained. It cun Le seen that the first three points are now 
saturated and the inversion is almost removed. it is alse 
clear that further lifting will résult in the development of 
a positive area extending from 728 miliibars, 2820 meters, 
to the top of the curve. The ICL is at 574 miliibars, 4750 
meters. If two kilometers of lift can be provided the sir 
which is now over San Antonio will be ready vo release its 
potential instability, for tnere will be continuously incre- 
asin, accelerations on a particle from 2620 meters to the 
ICL, and for a distance beyond that point which cannot be 
estimated. 

The next question to be considered is whether this con- 
dition may be realized at Dalias. The computed or extrapolated 
movement of the front indieates that it should pass Dalias at 
avout 0700 C.5. 239 April. tn estimate of the trajectory of the 
air at present over ©an Antonio indicates that it should be 
overlying Yallas after midnight. In view of the movement of 
the front a thunderstorm, accompanied by rain and hail, should 
be rredieted for Dallas, to occur during the early morning 
ef 29 April. 

A thunderstorm occurred over Dallas from 0600 to O600 


C.%,. time. It wes accompanied by hail and moderate rain. 
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IMAMPLE @# 7. 

Vurfreesboro, Tennesse. 30 April, 1937. 

This is type if 5, cold front thunderstorm situation, 

The synoptic chart for the morning of 29 April shows a 
warm front just to the north of Murfreesboro. It has been 
moving northward very slowly, accompanied by warm tront 
thunderstorm conditions. The air masses involved are Ty) 
and R,Pco. The afternoon map shows a large isaliobaric high 
formed over the hast Coast from New Yorx to Virginia. The 
indications sre yointing to a southerly movement of the high 
pressure center now situated over Quebec Province. in case 
this movement materializes the warm front, now to the north 


o 


of Nurfreesboro, will regress and turn into a cold front. 


However, the over-running of the Tg) will continue, with its 
Vertical component of motion accelerated by the aout 
movement of the high and the syueeging produced by the con- 
vergence of the fronts to the west anc north of murireesboro. 
This should vsroduce violent Liunderstorm activity, and is a 
situation analagous to that in which the J.0.S. Akron was 
lost in April, 1933. 


_-_— 


Followiny the teletype reports, if available, whe Mur- 


freesboro observer could see that the front to the north was 


regressing and would recross his station during tne morning 
; . ; . Be 
of 30 April. 


In this case, judging from the pilot balloon runs, the 


trajectory of the air now over Shreveport on 29 April will 
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cause it to be ap)roximately t.e air which will be at tie 
front as it returns to the vicinity of murfreesboro. Plotting 
the Shreveport serograph sounding on the adiabatae chart it is 
obvious thet no anticipated surface temperature will produce 
eonvections to t..e condensation level. towever, it is seen 
that a lift of 1500 meters will be sufficeat to relezse the 
potential instability of the air. kKeplotiing euch of the sal- 
jent points of the ori, inal curve with a lift of 1000 meters, 
it is seen that the first four points are smturated amd that 
further lifting will allow a particle from the seeoma point, 
600 millibars, 2000 meters, to rise alvng the moist adiabatic 
through that point. Following along this moist adiabavic it 
is seen that everywhere the particle will be to the right of 
curve # 2, a positive area will extend from s0Ummillivars, 
2000 meters, to tie top of the curve. The ICL lies within 


this area at 572 millibirs, 4200 meters. A particle Which can 


be lifted through 600 millivars will be increasingly accel- 


eretved to the ICL and for a distance beyond that point which 
eannot be estimated. 

In view of the Synoptic situation the foreeaster should 
anticipate severe thunderstorm conditions to veeur over Mur- 
fretsboro during the morning of 30 April. 

vevere thunderstorms, accompaniet by ueavy hail and rain, 
eccurred at Wurfreesboro end throughout the district around 


Tennesse and Missouri during the early morning of 50 April. 
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EXAMPLE # 8. ieinem i 
Coeo Solo, C.a. 15 Novenber, U3€6 ‘ 
This is type # 5, cold front thunderstorm situation. 
This exanple of a cold front thunderstorm situation is = 
offereé for the unusual values of humidity found extending ~ 
to the top of the eeroyraph curve, and for the face that al- 
hough the positive erea is not nearly as lerve as other ek- 
amples rresented, it resulted in the wost severe thunéerstornm 
thet oceurreé over this stution since records have bv@n kept. + 
Y*) Consideration of the synoptic chart shows a ccld front 
ap;roaching the station from the north. Naturally. the front. 
is decellerating, but by extrepolatim, its past movement dt 
stiouré pass the stetion during ‘the afternoon. The air masses 
involved are Bm at the station and the approaching mass, Peo. 
From ‘tie aerovraph cUrve, plotted on the adiabatic chart, 
it may be seen thtt the air mass now overlying the station is 
eonditionally unetsble from 964 miilibars, 390 méters, to 644 
mildivars, SOLO metere.§ Or TEI he met sue a ke beny 
_ It ean readily be seen that no expected surface temper+ 
ature will be high enough to develop freé conveetions. “o the 
forecasters «attention is turned te the amount of lift recuired 
for free convection, Tf a lift cf 500 meters is spplied to 
the s#lient points of the original curve it is seen that the». 
air will be saturated from the surface layer to 790 millibars, 








210° meters, and that any further lifting will cause the low- 
er layers to rise along the moist adiabatic where they will 


be everywnere warmer than their surrougdings. If the ascent 
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curve of a particle leaving the saturated layer is plovited it 
will show a positive area extending to the top of the ascent 
curve. 

If a lift of 1000 meters is assumed, and the lifting pro- 
cedure carried out, it is found that there is praetically no 
increase in the positive area; this reeuss sonsa have been 
foreseen if it had been noted that the whole ecurve is prac- 
tically in neutral equilibrium for the saturated condition, 
since the total change of the equivalent potential temperature 
over the soundim is but seven defrees. 

Considering the adiabatic plot it is seen that the ICL 
is within the positive area at 542 millibars, 5280 meters. 
There will be continuous acceleration on a particle frum 792 
millibars, 2100 meters, to the ICI, and for an undetermined 
distance beyond that voint. 

It is believec that a thunderstorm would be predicted 
by most forecmsters in this situation. However, it is not 
believed that many would have anticipated such a vivlent 
thunderstorm ™s occurred, undoubtedly due to the large quan- 


SS and to 





tity of water vapor present throughout the air m 
the possibility of a sharp falling off in water vapor at 
levels above the sounding. 


A most violent thunderstorm, accompanied by 3.15 of rain, 


occurred over the station at 1710. 
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EXAMPLE # 9 

Scott rield, Illinois. 5 May, 1936. 

This is type + 3, warm front thunderstorm situation. 

The synoptic chart shows a somewhat complicated frontal 
system about 130 miles southwest of the station. It will act 
more or less as a warm front and is moving very slowly nor- 
theastward. The station lies.in Rrco under the warm front, - 
witn Tgp overerunning. Inspection of the sounding shows that 
the frontal zone is at an altitude of approximately 2000 
metersSe.. - , 

An inspection of the upper winds shows that Lhe air now 
at Oklahoma City is the closest approximation the forecaster 
cam obtain to that which will be over-running the stavion 
curing the forecast period. Examination of the Oklahoma sound~ 
ing shows that the air up to 2580 meters is in neutral equi- 
librium for the saturated state but conditionally unstable 
above that point. However, since the 9%, is only reported to 
the nearest whole degree, it is advisable to plot the sound- 
ing on the adiabatic chart and lift the mass 1300 meters, 
which is sufficent to saturate the apparently neutral hayer. 
Upon performing this operation it is found that a slight 
Geyree of instability does exist above the third point from 
the surface. 

\t this stage another factor must be considered; the 
forecaster is dealing with a warm front, and although con- 
vergence may be present in the old polar air beneath the 


front, the flow in the warm air over the front is anti-cy- 
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clonic and therefore some divergence is present. This as pre- 
viously inentioned, will increase the instability of the Tyo 
air after it has become saturated and its conditional instab- 
ility realized. 

This factor should be the decisive one and a mild thun- 
derstorm foreeast for the station. The curve has been drawn 
for the Tg after being lifted 2000 meters, this being approx- 
imately the height of the front over the station. However, in 
arriving at the thunderstorm forecast, it must be borne in 
Mind that instability was developed after a lift of 1300 met- 
ers and that the rising particle has been accelerated, before 
reaching the ICL, for 700 meters more than shown on the ad- 
iabatie chart, or a total distance of 1670 meters. 

A mild thunderstorm occurred over the station at 1400 


4.5.T., accompanied by light rain. 
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SYNOPTIC CIVSATION dh Merehe-2 April, , Lge. 

This a thuabden is presented o6 4D ¢Xcuple oF Lhe manned 
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The map for l April shows th.t the expected development 
has taken place, although the thunderstorms did net develop 
until 2100 on 31 Warch, and none are reported in western Okla- 
homa. Tiiis is provably due to the fact tuat tie air over-run- 
ning the front in western Texas is oOPpy whieh is nut unstable. 
The wave located in eastern Texas on the 31 March Map is mow 
cenvered in northern Wississippi, with large negative venden- 
cies to the nottheast of it, indicating a deepening with a 
conseyuent southeasterly movement o1 the cold front behind ite 
The aerograph sounding fer Shreveport for tuis morning cefin- 
itely shows that Tz air with considerable conditional instab- 
ility is meving northward over the warm front. 

The map for 2 \pril shows this development to have taken 
piace; the southern section of the front is now in the uulf, 
and an easteriy movement indicated for the entire fronv. Dur- 
ing the period from 0600 1 April to O800 2 April the thunocer= 
storm area moved to the eastward Lut did nit decrease in size; 
in fact the intensities increased due to the front and instab- 
isity. 

The anticipated movement from e-s April can ve expected 
to remove the Tg air from the continent and the map oi 3 April 
shows the entire United States, west of the nockies, invaded 


by Fe air. 
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SYNOPTIC SITUATION’ 25 April-@8 April, 1836, 

This situation is presented to illustrate the manner in 
which a warm front with considerable tfundéers teria activity is 
frequently fourid on a yuasi-st.tionary front lyiitg just east 
of the Rocky Mountains. 

The 0800 map for 25 Lpril snows an almost stavionary 
front separating Pe. to the north and a mixture of oPpe to. 
‘the south, running through Coioratio, Kansas and Wissouri, and 
_ sarin front separating the Pp air oped. located “approx. 
“ait te Ly along the Wississippi River. The sradient in Texas and 
‘OKleloma shows that bir is being drewn up from vie Gulf, a 
fact which is confirmed by 25 to 3v knot winds is thé upper 
‘sir. Unfortunately theré is no sounding, from Gan Antonie on 
Yats Gate to verity t.e influx of Tae The upper winds in the 
Wiest levels are from the north nnd nortliwést, Yio fa” 
‘What tle air sl0ft is oPp., which twas approximately Lhe same 





“Lemperature as the Te but contains very ilttle moisture. The 
presence of a dry layer over a moist oné, without the pres-~ 
enee of an inversivcn, produces a high degree of instability, 
conditional, due to the rapid decrease of Oc with alvivade. 
Thunderstorms have already develojed aiung the iront in 
Kansas, OKlahoma and northern Texas oy late afternoun on the 
a5th. The cituation has become more obvious on the UO map 
for te 26th. The sounding from San Antonio shows the prés- 
ence of air approaching tie characteristics of Tg, which will 


be rendered unstable by @ 2000 meter liit. Wo movewtnt is in- 
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dicated for the front except in west Texas where lerge posit= 


ive tendencies indicate a northerly movement. 
Thunderstorms have developed ali 
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Pre-frontal thunderstorms produced by a coltvergent 
a J ye -@ om .'6 


field of motion. 
: . a ° ear 


Taig type of thunderstorm is given ss or- 
iginal classification solely beecamse it baw Crequently seen 
relerred to. by others. It is our belief thet thts decignat- 
don could as well bes; produced by a lift, preaueed by an | 
orveranhic obstruction, produced by in#olutionel hemting or ® 
produced by & combinetion of these and convergence. | 99> 
.. Gonvergence resists amy quantitative anulysin. Tt tis 
known to exist ani can be shown, oh met@oroloyicsl clarte, 
to have a decided effect. Homever, to sesignate a type Wf 
‘that a measure of such convefgence can be used to say); _ 
"Tis mach convergence will produce so much effect! To date 
vhere is no mean’ available with which t0 measure converé © 
genet quantitatively; in practical forecasting. = = 8 © 
«© here ig no definite point where it ean be swid that a) 
ve cause may just as yell Le leid to insolativnal neating 
us to the effect of the convergent field of motivun. 








There are undoubtedly thunderstorms producea which can 
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not be explained on the basis of any one measurable factor, 
severai factors may have contributec to tee final inpulse 


which released tue potential instability. If, as suggested 


by tie title of this thunderstorm type, there is fromtal | 
activity present then there is certaiuly Liftiig of the air, 

» du the case ci the. 
cold front, and there is also vertical motion in the eold air 
underlying, in the case of tie warm front. Where this lifting, . 
or vertical motion, initiates is no more @nd.no less on 


into which one air mass is intrudiz 








t as to the exact cause of a en 
storm it would appear that calling it a separate type, pro= 
Gueed by an unnueasurable, dntan ible cause is net wholly 
Jugtitieds ye, Vb Oh6b AP Aw ve 

yas —— eee 
. | | nm of cevelopuent wudeh may 
i elite eee eaten omnes from tue point of inceptiun of 
vion of ‘Mie, thum- 
serstorm, seen sufiicent wo explain san aanslor Bais. 
cuen® wita which the forecaster can su@@essfully Ceol. | 
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Trajectories of thunderstorms. Z 
The trajectory of a thunderstorm is of igipurbenee v0 
any Terecaster, out it is of particular importance in aire | 
crait operatdons,/ espee#ally on scheduled tir lin 
el » .*. e 


Amy thunderstorm, no Satter low preduced, 






in ons air meg ahd travels with the Jenersl flow. in 


nanhsr convee tions which are produced in - area, ene 
i 


ihinad, ray ireduce or eonlinue iru adre ered, fer frum the 










point agin. Thus the general trajectory of Uunderstorne 
b on (amend rrom the upper wind velueities Q nea from 
balloon soufidi:ys. From the roveghecing point of view 
mMowledee of thundeistorn conditions! existing in am <rea 
from which the upper winds imy alte} whem to the fureveasters 
gtetiwe is of importance in arrivin, at oa forecast. Mimilarly 
leeal topogrtpoy) aey funereddal étvelopsent of wwuyderstorns, 
in certein situations, which will be carried vo the atation 

| afternoon thunderstorm near Denver is an excellent exempie of 
\ bts Gewhsitm «eh ves 8 eee lwewe ot Oe peek al 

. © Whe extrastropical cyelomé with an open warn sector «ives 
 @m exXcellent example of ;ossible thunderstorm trejecvories. 
_ ite nol a wave formation in uhe strict sense, u comfigur- 
evion similar to this is a frequent occurrence in the Middle 
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rereft operations ef military mature the Question 


vu Dole t paths to avoid thunderstorms is te ve answered by 
chewétloRee or necessity; out in the case of Sscuecuied air 
iife ©) ations such flight paths c#n and should be the con 
sifer. .» of the d) spatcher. A knowiedge ot the place of 
Tormt'), sititude, proebveble ~ath ane velocity of the thua- 
@eretom™ «3 'reole the TLATht etn to be plottec vO avoid 
tre are, feuvest intengity. Tles : cuaditicn similiar to 
the G@iegrss —.uve, whem iv is Gevirew Ul ciemr an Alrcrart 
from point . te §, whoulc seed to « ducisiunm to urcer tnt 
flight to follow tie flight path §-c-D. im this flight he 


woulda fly at a suiticently low altitude, topography permit- 


137s 


ting, to fly under the warm fPont to podwy Cy | 
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QBNSPDAb i 

In regard to the most probable hours of o¢eurrence ef 
thunderstorms a wide variance is to te found depending upon 
wae various types, and Wie terrain over «nich wey oveur, 
dem areas OF Stas SPONT-1 thunderstorm way wecur 4t am 
wbime of the dey ur wiwht since Weir ivemebtio’ is inmltjet@- 
ent of whe temperature of tum surface «xt is a function of") 
iw wovemente of the air ausreo involved. If «ny wainy, Tront- 
@l tuumicrsterme should rewcl. their maximum inveneity curd” 
the migt.t, due to « stecpening off wae lapee rave Oy refiiet- 
Wena covling from v6 tcp of the elond sayer. Mewever, wie 
etiect acule scarcely, Le noticeable in & could Trent type, 
wenpivys The ware (rent tr understera, un We other hand, aay 
joe invensified, or even initisves by rediwedonhl etobidg. 
Orvgraphicad thenierstorss Mey aieO ecelr at any Rear, bet” 
when conveevions due vo surface hewting aewist in Wel e eve 
edepmenty at miget e fairly etrong flow is required ‘Ve overs 
gtores. 

Sonvective thurlerstora acvivity, due to ingolationel 
Hearing, is limited to Uve Late alvernvon ant evenify, oer 
dent areev, since we forges which produce then are a mur 
ior at that time. Th Dict these forces Elsappear at night, 
although tie thunderetormes may be aainvained for vame hours 
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after sunset by radiatienkl geoling From the top of Uwe eltuds 
Jbservations show that wir masa thulderstorm activity over we 
oceand has a Bexiwse Airing te eerily scoring hours ané ig a 
ginimam during the uep lim ht ours. THe Cinmmefily aces, te cheery 
explainin. vilis peric® of weundecetorm activity, aucrivwe the 
development of necearmary instability to m@iatiomas eeoLing of 
tke upper air, while ce wurface laywre retain Luein prewube- 
pity CONstARL teers ture Aue tO Ue presence of Us ghter o> 
 wuMfece, Severtion at certain levels wa ales product « sveep- 
abe Of Ue lapse rule and presets Liumderetere aelivegys i 
(Ante LAlustreting Chin are evaiinele Sikety 44 preadit, mo 
Prov, ghipe at so ama ebtainaBles 
use Of tea radio metecrograph Will 
lead te «Sen wore complete "knee leice-andendiage 
; Am the greet majority of 
fity extends fer above the heights wow readied 
ae sa. nae natieewed avove theviimit of une marss: 9. 
ph mowhAlny is G Metter of cohjeotures = = 
= «~ eee (or oe Gee a 2 ) iS 
al t- retanm @ 4 oe tele CaaS ae 
a 2 —idwes et 2 ~~ | 
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GUBGEA HY 

Since many of t.e ideas invéelved in forecasting Lnunder- 
storm development are wideiy sdallere tePougnout This paper, 
it hes beet deemed advisatis Yo collect geome eof Vs Were tee 
Portant im an cutliag of sugpestec pretedure, 

lL. helerring te the eynoptic chart, Géewrulioe whec air 
macoe® will be over toe @tetiun Giffin the foreceat paerled. 

2. Consideris, the trajectory of the air, 7-0t Ute soumie 
ing which mes\ nearly approximates woe air mage expected and 
Getarwing Le tamcerature re,uired to proguce free eomvéctions, 
(aed ee LICL necereary if vreyraplivel iisting ie poumibies 
‘Betimete the probability of the requirec veapersture teing 

ettained from ue diureal tempercturs carvess 
et period, Getersine we amvunt ot ALCS verted Ae Sua 


; * 













4 Prom a knowledge ofthe synoptic siviation, sstiunte 
he changes whien will tak# place im whe structure of tse adr 
uring vhe forecest periad and Uele effect upon ive elability. 

$. Baviny arvived at @ Gecision rayarding Ue Wyre of 
WW ve #epiéted, (réo tie eize of uke peel live 
, Amd ina locetionm om vie adiabatic chart, eatimaue Ue 
BAity Of ve teundermters aud type of precipitalion te be 
expected, 

fis From Knowledge of loaal cuaditions, wake as ep himeve 

re aetine the posmibdlity of tuiederstorme, whieh are develer- 
a1 clguntiore in emeciaizy Caveravle lecaviona, Welme carried 
to We Station in the Gopmre 2 drift. 
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